6 1 could affect oxygen transfer to, and CO 2 removal from, the tissues, we complemented our 6 2 experiment with an additional set of measurements under hyperoxic conditions (40% O 2 , 6 3 nitrogen). We hypothesized that increased tissue oxygen availability, under both heliox and 6 4 hyperoxic environments, would delay the triggering of VMs for mixing the tracheal system 6 5 content. 
RESULTS AND DISCUSSION
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Locust (S. gregaria) DGC traces at 20°C were characterized by continuous ventilatory 6 8 activity during the O phase (or "burst" of gas exchange; Lighton, 1996) , and intermittent bouts of 6 9 ventilatory activity during the C and F phases (termed together as "interburst") ( Fig. 1 ). The 7 0 metabolic rates of the locusts were not significantly affected by either experimental gaseous 7 1 environments (heliox, p=0.88; hyperoxia, p=0.07 between the first and second VMs (t 2 ) during the interburst (Fig. 1) . The first VMs observed in
heliox (228.5±14.9 sec) following the onset of the interburst were significantly delayed VMs via central receptors (Bustami et al., 2002) . As the manipulation of gas diffusion rates by
heliox enhanced both rates of oxygen transfer from the tracheal trunks to the tissues and CO 2 9 0
removal from metabolizing tissues to the tracheal system, delayed VMs in heliox could be a 9 1 result of changes in tissue oxygen and/or CO 2 levels. In the hyperoxia experiment, t 1 was delayed
under hyperoxic treatment to 228.1±23.9 sec compared with original normoxia (178.0±20.6 sec)
(Z=-2.66, p=0.007, n=15). A return to normoxic conditions resulted in t 1 similar to that recorded
in the preceding exposure to normoxia (Z= -0.22, p=0.81) (Fig. 2B ). Together, these results
indicate that a decrease in tissue oxygen levels rather than a buildup in CO 2 triggers VMs during
spiracle closure. Although we did not find a significant treatment effect on metabolic rate,
measured CO 2 emission rates during the hyperoxia exposure were slightly lower than those in normoxic levels (287.9±14.3 μl h -1 compared with 301.1±15.7 μl h -1 ). Nevertheless, t 1 was not 9 9
significantly correlated to mean metabolic rates in any of the experimental environments (p=0.27, exchange by tracheal gas convection, and are triggered by decreasing oxygen levels in the tissues.
The effect of tracheal gas environment on t 2 was less conclusive in comparison to t 1 . A 1 0 6 treatment effect consistent with that of t 1 was maintained in the heliox experiment, whereas we 1 0 7
did not observe a significant effect of the experimental gas on t 2 in the hyperoxia experiment ( activity. We could not account for the amplitude of muscular activity as the output of our given VM intensity, which would affect the time interval leading to a successive bout of VMs. In
contrast, the onset of the interburst marks the return of respiratory gas levels in the tracheal starting point for the subsequent t 1 .
We provide the first evidence indicating that VMs mix the gas content in the tracheal still indicate diffusive limits to oxygen supply which trigger VMs during the interburst. Triggering VMs is suggested to be mediated by an oxygen-sensitive control mechanism. The as the underlying neural regulation, are not known and merit future investigation. stock population cages within 1-2 days after adult eclosion and were held gregariously in the
laboratory at room temperature (~24°C) until experimentation within 1-2 weeks. All animals were isolated and starved for ~12-18 h prior to respirometry. Mean body mass (±s.e.m.) of the 1 3 7
experimental animals was 1.48±0.14 g (n=14) and 1.53±0.22 g (n=15) for the heliox (21% O 2 ,79% He) and hyperoxia (40% O 2 ,60% N 2 ) experiments, respectively. Experimental design
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Respirometry and activity detection spanned 6 hours, consisting of three consecutive 2 h gas- the locusts were exposed to normoxic conditions in helium (21% O 2 ,79% He). In the hyperoxia 1 4 5 experiment animals were exposed to hyperoxic conditions (40% O 2 , 60% N 2 ). Gas mixtures were placing a locust in a 25 mL glass metabolic chamber which was placed in an activity detector Gunma, Japan), the excurrent air was passed through a CO 2 /H 2 O dual analyzer (LI-7000, Li-Cor
Biosciences, Lincoln, NE, USA). Expedata software (Sable Systems International, Las Vegas, NV, US) was used for data 1 6 0 acquisition and analysis. Readings of emitted CO 2 and VMs were taken every 0.1 s.
6 1
Gas exchange cycle phases were characterized as burst and interburst periods because the F 1 6 2 phase could not be distinguished from the C phase by using the CO 2 trace (Lighton, 1996) . The last three consecutive cycles in each 2 h gas exposure were extracted for analyses. Occasionally cycles were interrupted by movement and/or sudden changes in gas exchange pattern leaving temperature. Activity data from some experiments was very noisy because of animal movement 1 6 7
within the chamber. These data were discarded and are not included in the analysis. The 
